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“While we cannot completely avoid watercourse crossing failures, we can reduce
failure potential through careful crossing design that accommodates water, wood, and
sediment and that reduces potential erosional consequences if and when they do fail”
(Cafferata et. al., 2004). Road-stream crossings with undersized culverts can cause large
inputs of sediment to streams if the culvert inlet is plugged and streamflow overtops the
road fill (Furniss et. Al. 1998). Best et al. (1995) reported that “fill-failures and
diversions of road-stream crossings have been found to cause 80 percent of fluvial
hillslope erosion in some northern California watersheds.”

An on-site evaluation is performed to determine if a culvert is required at the
crossing. In some cases, other alternatives such as hardened seasonal fords, rock armored
crossings, or drain swales may be appropriate. These alternatives are preferable to a
culvert due to their low maintenance and because they can be constructed without
introducing fill into the stream channel. Crossing site characteristics such as stream
channel depth, stream flow velocities, channel stability, channel gradient, stream bank
steepness (stream bank slope grades) stream bank slope stability and approaching road
grades into the crossing site all influence the appropriateness of these crossing designs.

The culvert should be sized to convey a discharge equal to or in excess of a 100-
year flow event. In addition, determination of the design flow should also include an
assessment of the stream’s morphology and potential debris accumulation. The culvert
should ideally be sized to transport not only water, but the other materials that are
mobilized during a flood. California State Parks uses the largest estimated culvert size
from 2 office based estimates and the “3x Bankfull Method”.

Several office based techniques exist for estimating the 100-year flood flow
including the rational method, the USGS Magnitude and Frequency Method, and the flow
transference methods (Chow 1964, Dunne & Leopold 1978, CDF 1983, Weaver &
Hagans 1994, Waananen & Crippen 1977, and Skaugset & Pyles 1991). However,
according to research conducted by Furniss et. al. (1998), hydraulic models are not a
reliable predictor of the culvert size needed to pass the 100-year flood because most
culvert failures occur from accumulations of debris and sediment at the inlet. Currently,
few specific engineering techniques exist for sizing culverts to pass debris and sediment,
other than the intuition of experienced designers. In addition, little research has been
conducted on appropriate design criteria to allow the passage of organic debris and
sediment through culverts. Therefore, for maximum protection of the resources, a
detailed assessment of individual crossings is recommended to determine stream channel
characteristics that can be used to adequately size culverts and reduce plugging potential.

Several field techniques exist for determining culvert diameter, however these
remain relatively untested. The “3 X Bankfull Stage Method” is one technique that has
been evaluated by researchers, and appears to be well suited for streams in the Pacific



Northwest. Cafferata et. al. (2004) reported that “the 3 X bankfull stage method is a
potential field check that appears to be valid for the coastal portions of northwestern
California, but may underestimate Q100 culvert sizes for inland areas away from the rain-
dominated portion of the Coast Range.” The Forest Practices Code of British Columbia
(BC MOF 2002) suggestes this method as a field check to be used in combination with
several other methodologies. This method is designed to pass flood flows, and associated
woody debris and bedload materials.

To determine culvert size using the “3x Bankfull Method”, the bankfull cross
sectional area is measured in a stream reach that is not influenced by a road. Before
using any field techniques for culvert sizing, road designers should become familiar with
channel characteristics described in Applied River Morphology by Dave Rosgen (1996).
According to Rosgen, bankfull stage occurs when the stream flow fills a channel to the
top of the banks and begins to pour over into the floodplain. To obtain the area of the
bankfull channel (Abf), measurements should be taken on the width at the upper bank
(W1), the channel width(W2), and the total depth (D). Next, the bankfull cross-sectional
area of the stream can be calculated using the equation Abf = (W1 + W2)/2 x D. Because
most culverts are considered to be “inlet controlled”, the only factor that needs to be
considered about the pipe size is the area of the inlet. Therefore, to calculate the
appropriate culvert size (Ac), use the equation Ac = 3(Abf). Using an alternative notation
where Ac = 7r2 (r = radius of the culvert opening), the diameter (d = 2r) of the culvert
opening can be calculated as follows:

T r* = 3(Abf)

r’ = Abf(note that this is approximate)
r = (Abf)"?

Therefore, d =~ 2[(Abf)"?]

The second field technique for determining culvert size is to use the “2 x Area of
Highest Flood Indicator” method used by Beers, et. al. (2005). This method is more
conservative than the “3x Bankfull Method” because it usually results in a larger culvert
size prescription. This method is used to design crossings to pass flood flows as well as
associated woody debris and bedload materials. To use this method, the area of the
largest recognizable past flood event is determined. Indicators of the magnitude of past
flood events include debris captured in stream side vegetation, a silt line on tree trunks,
scour line on upper stream bank, and fluvial deposits in the floodplain or on a terrace.
Using these indicators, estimate the most probable elevation of the maximum flood event
and measure that cross-sectional area using the equation Amf = (W1 + W2)/2x D. To
calculate the appropriate culvert size (Ac), use the equation Ac = 2(Amf). Using an
alternative notation where Ac = 7r2 (r = radius of the culvert opening), the diameter (d =
2r) of the culvert opening can be calculated as follows:

T r* = 2(Amf)
r’~2(Amf)/ Tt



r~[2(Amf)/ Tt "2
Therefore, d = 2[(2(Amf)/ T, 1/2]

The main cause of culvert failure in forested watersheds is due to accumulations
of small twigs, sticks, and branches and not due to large logs (Cafferata, et al. 2004). In
general, most of the wood that blocks the culvert inlet is not much larger than the culvert
diameter and smaller than the width of the active channel. Most woody material that is
longer than the channel width becomes caught in the stream system and is not easily
mobilized for more than a short distance. Therefore, by sizing culverts to the physical
characteristics of the stream, they will not only be passable to the 100-year storm event,
but to any mobilized woody material as well.

In addition to locating and measuring the highest flood indicator, the stream reach
above the crossing site must also be evaluated to determine the amount of aggregate and
woody debris that could be mobilized in a high flow event. If it is determined that a
significant amount of aggregate and woody debris is located above the crossing site that
could be mobilized in a high flow event, then the culvert diameter should be increased a
minimum of one full size. Example: from a three foot diameter pipe to a four foot
diameter pipe.

When sizing culverts, the minimum size pipe that should be used when evidence
of a defined channel exists is 18-inches (Crowley, 2003). To evaluate a stream crossing
for potential reengineering, the designer should consider the worst case scenario that
could occur at the site (Baker et. al. 2001).

Flared end sections increase inlet controlled culvert capacity and help prevent
blockage of the inlet by rocks and woody debris (Cafferata, et al. 2004). However, flared
inlets have a fixed opening design that often does not conform to the stream’s channel
characteristics. Culvert headwalls constructed of burlap bags filled with concrete (Quick
Crete) and reinforced with steel rebar can be used to shape the culvert inlet so that it
conforms to the stream’s morphology. These headwalls extend to the full width of the
flood channel and to the height of the road bed. Constructing headwalls in this fashion
improves the efficiency of the culvert to transport water, aggregate and woody debris by
funneling the water flow into the mouth of the culvert. It also helps protect the fill
around the culvert inlet from scour and erosion. Any conditions that cause ponding at the
culvert inlet increase the potential for culvert blockage by woody material (Cafferata, et
al. 2004). Ideally, the stream should flow straight into the culvert inlet at all stream
discharges without any eddying or abrupt changes in flow path. If the flow path changes
direction, such as the rotation caused by ponding, woody material can become oriented
perpendicular to the culvert and increase the chance of plugging.

Furniss at. al. (1998) reported on several other techniques that should be used to
increase the capacity of culverts. To be sure a culvert can pass floating wood, the
headwater depth to pipe diameter ratio (HW/D) should be significantly less that 1.0. For
example a culvert with a HW/D ratio of 0.5 would be flowing half full during the
maximum flow. In addition, culverts should be at least as wide as the stream active
channel width. And during installation, every effort should be made to install the culvert



at the same gradient as the stream channel and in the same direction as the active channel.
Culverts not installed on gradient often result in either scouring or down cutting at the
inlet or head cutting at the outlet. They also can result in a deposition of aggregate at the
inlet or outlet. Culverts not installed in line with the stream channel often require the
water to turn in order to enter the culvert inlet. This condition results in a loss in water,
aggregate and woody debris transport efficiency and the scour and erosion of the stream
bank and road fill. Culverts should also be installed so that culvert pipe exits beyond the
road fill. Culverts exiting into the fill or onto the fill will erode the fill material and
destabilize the road prism.

When replacing a culvert and the stream gradient is too steep or the stream valley
is too deep to install the culvert on stream grade, then it may be necessary to install the
culvert with a down drain anchor assembly. Crossing sites with these characteristics
should be avoided when designing and laying out roads. Unfortunately, many roads exist
where these conditions are present. To keep the culvert from draining onto the road fill a
connector fitting of the appropriate angle is attached to the culvert pipe as it exits the fill.
Additional lengths of culvert pipe are attached to the connector until the culvert pipe
extends below or beyond the fill. This down drain pipe must be anchored to the fillslope
to prevent it from separating and diverting water onto the fill. These anchor assemblies
must be manufactured for this purpose. Post, pipe and an assortment of wire, straps or
rope are not appropriate anchors for this type of design. When using down drain anchor
assemblies, it is important to only use galvanized steel culvert pipe as plastic pipe will
deteriorate when exposed to ultra violet light.

When installing a culvert, the approaching road grades should be higher than the
finished road grade above the culvert. Where culverts are installed at stream crossings
the road alignment should pull up and into the crossing while gradually dipping down. It
should then gradually pull up out of the crossing. This “critical” dip design keeps the
road alignment on contour and results in the stream crossing site being lower than the
either of the approaching road grades. If the culvert were to fail, the water would pass
over the road and re-enter the stream channel below the road prism and not be allowed to
either be diverted down the road or onto adjacent slopes. Pulling into the crossing site in
this manor will also result in the need for less road fill material at the crossing site,
therefore significantly reducing the road fill material lost in the advent of a culvert
failure.

To prevent culvert plugging, one large culvert is more effective than several
smaller ones (Furniss, et. al. 1991). However, if conditions exist which do not allow the
deeper fill needed to cover a larger pipe, or if the stream is braded and spread out over a
large flat area, several medium sized pipes can be used. When using multiple pipes, they
should be separated by at least one culvert diameter apart (Crowley, 2003). This
separation allows for the proper compaction of the soil material placed as backfill around
the pipes. Properly compacted backfill is critical in preventing “piping” of water around
the culverts which will eventually lead to crossing failure.

The use of “trash racks” to prevent materials from entering culvert inlets is not
recommended except under special circumstances. Trash racks require continuous
maintenance to be affective, and only trash racks designed to be cleaned using typical
equipment such as a backhoe or an excavator should be used. The problem with trash



racks is that they can become buried and plugged with material during a single large
storm event and do not allow for natural fluvial transport processes to occur. Once they
become plugged the stream will move laterally and scour away the banks adjacent to the
trash rack. This could cause severe bank erosion and lead to the failure of the culvert.

In locations where large volumes of fill will be incorporated into the crossing
design and the consequences of culvert failure are greater, additional 6-inches of diameter
should be added for every 5-feet of fill above the outlet (Spittler pers. com reported by
Cafferata, et al. 2004). This means, for example, that a culvert sized at 36-inches that
will have 10 feet of fill used to construct the travelway would need to be increased to a
48-inch pipe. This increase helps to reduce the potential cost of importing large volumes
of fill to repair the site if failure occurs.

More desirable to increasing the culvert size is to build stream crossings with the
minimum amount of fill necessary to protect the pipe and provide access. The rule of
thumb for fill depth above a culvert is 12-inches or half of the culvert diameter,
whichever is greater (Wiest, 1998).
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structures, maintenance, and closure of low-volume forest roads. The
guide discusses situations that require special considerations such as
streams with or without migratory fish, beaver ponds, and wetlands. The
recommendations in this guide incorporate best management practices,
which are designed to reduce nonpoint-source pollution.

Wilbrecht, Scott (2000). Forest Roads Manual. Oregon Department of Forestry
State Roads Program. Salem, OR.
http://www.odf.state.or.us/DIVISIONS/management/state _forests/RoadsMan.asp
http://www.oregon.gov/ODF/STATE FORESTS/Roads_Manual.shtml
The Forest Roads Manual is a management document designed to
provide guidance and standards for road management on state-owned
forestlands in Washington. The manual is aimed at forest roads used
primarily for forest management, timber removal, recreation, and fire
protection. The manual describes the vision for Washington’s state owned
forest roads and includes a list of guiding principals for road management.
The document begins with a section on transportation planning and road
inventory to help develop a vision of the transportation network. Following
planning, the manual has a section of forest road design and includes
information on engineering procedures, design standards, stream
crossings, surface drainage and road alignment. The manual also covers




the essentials of road construction from clearing and grubbing to road
bench construction to finishing and erosion control treatments. The
manual also includes a section on project administration, and provides
some tools and advice to contract inspectors. The manual then covers
monitoring, evaluation and road maintenance activities, and describes the
policy related to use of forest roads for timber operations. Lastly, the
manual describes “forest road vacating” which is another term for road
obliteration or decommissioning.



